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A  highly  crystallized  glass  candidate  armor  material  known  as  SITALL  has 
been  prepared  in  plate  form  suitable  for  ballistic  test  and  evaluation 

In  complex  composite  airmor  systems  designed  to  defeat  chemical  and 
kinetic  energy  threats.  Two  comparative  test  formulations  of  SITALLs 
were  synthesized  and  characterized  as  to  pertinent  chemical  and  physical 
properties.  The  significance  of  this  work  is  that  it  Indicates  the  need 
to  further  develop  crystallized  glass  formulations  which  result  In  crys¬ 
tallized  glass  formulations  which  result  In  crystalline  phases  which 
exhibit  improved  hardness  values  over  those  already  achieved  in  these 
systems . 
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IntrodiietkMi 


Crystallized  glass-ceramics  aad  its  technology  have  been  of  interest  to  ceramic 
scientists  and  engineers  for  most  of  this  century  as  a  potentially  useful  material  for  a 
multitude  of  diverM  applications.  Olass-ceramics  are  in  current  use  as  pyroceram  table¬ 
ware  and  as  automobile  engine  exhaust  catalyst  supports.  Opal  glasses  and  recry^llized 
lithium  aluminosilicate  glass  systems  are  well  known  articles  of  commerce.  Pyroceram 
cookware,  missile  radomes,  and  other  miscellaneous  items  have  a  proven  independent 
utility.  The  relatively  low  cost  (less  than  one  dollar  per  pound),  as  well  as  tite  ease,  of 
fmning  to  simple  and  complex  shapes  dirough  the  use  of  conventional  glass  forming  tech¬ 
niques,  high  ^length,  and  low  density  (less  dian  2.S  g/cc)  make  this  class  of  materials 
hi^ly  attractive  for  potential  applications  in  armor  systems  designed  to  defeat  chemical 
and  kinetic  energy  munitions. 

It  is  known  that  the  conventional  soda-lime-silica  glasses  possess  a  certain  dilmation 
effect  when  subjected  to  shaped  charge  metal  jet  penetration.  This  perturbation  effect 
ai^psrently  causes  the  shaped  charge  metal  jet  stream  to  become  discontinuous,  thereby 
rapidly  losing  velocity  and  direction  resulting  in  its  defeat. 

It  has  long  been  desired  to  improve  the  effectiveness  of  glass-based  compositions 
against  shaped  charge  and  kinetic  energy  projectiles  through  either  increasing  the  hardness 
and/or  elastic  modulus  of  glass  or  throt^  the  incorporation  of  favorable  crystalline  phase 
materials.  In  addition,  there  are  other  requirements  for  such  an  improved  armor  material 
component  including  cost,  low  dmisity,  dimensional  stability,  and  a  prolonged  resistance 
to  chemical  agents  such  as  acids,  bases,  aad  water.  The  correlation  of  ballistic  resistance 
with  mechanical  properties  has  not  been  available  for  such  glass-ceramic  systems. 

Accordingly,  it  was  thou^t  desirable  to  secure  and  test  a  material  known  as  SITALL 
which  had  been  invented  in  the  former  Soviet  Union  and  patented  in  the  United  States 
of  America  in  1984  as  U.S.  Patent  Number  4.473,653  because  reports  of  its  use  in  the 
former  Soviet  Union  as  well  as  the  U.S.  Army  Foreign  Science  and  Technology  Center 
information  reports  had  referred  to  this  SITALL  group  of  materials  as  highly  effec¬ 
tive  ballistic-resistant  materials. 

This  material,  SITALL,  is  known  in  the  scientific  community  but  has  not  been 
further  researched,  developed,  or  manufactured  in  the  United  States  of  America,  nor  is 
SITALL  available  on  a  reasonable  or  timely  basis  from  foreign  sources.  It  was  decided 
to  seek  out  a  domestic  source  for  this  rnmerial  with  the  assistance  of  the  patent  holder 
and  which  would  afford  the  opportunity  to  rearrange  the  original  formulation  to  obtain  dif¬ 
ferent  combinations  of  glass/crystais  and  porosity  in  the  test  specimen  products,  as  well 
as  prove  out  the  ability  to  make  SITALL  in  the  engineering  shapes  required.  Due  to  the 
relatively  small  amount  of  material  (less  than  1,000  pounds)  required  for  test  and  evalu¬ 
ation,  none  of  the  large  well  known  glass  and  glass-ceramic  manufacturers  were  willing 
to  undertake  supplying  this  material  according  to  the  required  specifications.  Through  the 
intermediary  efforts  of  Baker  Associates,  Inc.  of  Columbus,  Ohio,  the  Jeannette  Specialty 
Glass  Company  i^reed  to  furnish  the  specifimi  SITALL  material  in  6"  x  6"  x  I”  thick 
pimes  and  12"  x  12”  x  I"  thick  plates  as  a  subcontractor  to  Baker  Associates,  Inc; 
these  are  the  items  referred  to  in  the  subsequent  text. 


8ITALL  OlMi  Ctnmites 

Tlie  SITALL  gias»>cerMBics  are  esMotially  ciystallized  glassas  and  are  known  van- 
oualy  as  "devitrified  glasses,"  "devitrified  ceramics,"  "vitro-ceramic"  (Europe),  and 
SITALLs  (Russia).  The  term  "pyroceram"  is  a  glass-ceramic  prodiwed  by  Coming,  Inc. 
mid  is  a  trademark  nmne  for  this  class  of  materials.  Glass-ceramics  are  particular  glass 
compoeitkws  wh^  have  hem  subjected  to  a  carefully  controlled  devitrification  or  crystal- 
lizmioo  trMtment.  Glass-ceramic  artkles  can  be  formed  by  conventional  glass  working 
techniqMs  in  forming  dirough  cooling  from  the  molten  viscous  state.  Subsequent  process¬ 
ing  results  in  a  solid  structure  consisting  of  crystal  particles  in  a  usually  unspecified 
amount  of  a  matrix  glassy  phase. 

The  manufacture  of  glass-ceramics  begins  with  the  production  of  a  glass  of  a 
sufficiently  specialized  composition  that  can  be  devitrified  or  crystallized  by  a  suitable 
thermal  treatment  processing  schedule  after  forming  into  an  article.  In  general,  special 
nucleating  agents;  e.g.,  TiOi  which  is  an  appropriate  metal  cation  oxide,  a  fluoride,  or  an 
oxitte;  e.g.,  TiOz,  P2O5,  or  rare  earth  oxidm  are  included  in  the  composition  to  assist  in 
devitrification. 

After  forming,  this  still-vitreous  material  is  subjected  to  a  thermal  treatment  process 
which  results  in  the  frmnation  and  growth  of  crystalline  inclusions  in  the  glass.  In  most 
cases,  the  heat  treatment  is  pmformed  in  two  st^: 

•  Heating  produces  crystalline  nuclei  (molecular  clusters) 

•  Thermal  tretement  causes  the  crystals  to  grow  upon  the  nuclei 
so  formed  to  the  desired  size  range 

The  heat  treatment  conditions,  especially  the  rate  of  temperature  increase  and  time 
duration  at  a  particular  temperature,  strongly  influence  the  ultimtee  crystal  type  and  size, 
thmeby  having  a  profound  influence  upon  ^  final  material  properties  through  influencing 
such  factors  as  crystal  type,  relative  amounts  of  crystalline  phases  precipitated,  the 
crystal/glass  ratio,  and  the  crystal  size.  The  procedure  for  forming  the  SITALL  glass- 
ceramic  plates  was  as  follows. 

The  raw  materials  in  the  form  of  oxides  and  carbonates  were  batched  from  free- 
flowing  powders  through  calculating  the  ratios  of  the  specific  compounds  available 
commercially  for  yielding  the  final  oxide  content  desired  in  the  final  product.  The 
catalyst/nucleating  agents;  e.g.,  titanium  oxide,  zirconium  oxide,  and  tin  oxide  in  the  ratio 
of  3:2:1  were  batched  from  chemically  pure  recent  grade  powders.  The  necessity  for 
maintaining  this  particular  ratio  is  carefully  delineated  in  the  instant  patent  with 
great  emphasis.  A  3<000  pound  batch  was  weighed,  mixed,  and  placed  into  a  6,000 
pound  glass-melting  refractory  pot  and  brought  to  the  ISSO^C  melting  temperature  with 
gas  Iwat  After  a  holding  period  of  one  hour  accompanied  by  mixing,  gobs  of  the  glass 
were  removed  by  collecting  the  molten  gob  on  a  steel  rod  arid,  using  scissors,  cutting  off 
the  gob,  dropping  it  into  a  cast  iron  mold  and  hand  pressing  the  gob  into  plate  form 
with  an  uf^per  platen  plate.  After  forming,  the  plates  were  placed  into  an  annealing  oven 
and  held  at  480"C  for  four  hours.  The  required  complex  multistep  procedure  for 
crystaliiziiig  the  plates  was  performed  in  a  36-cubic-foot  furnace.  The  exact  crystal¬ 
lization  procedure  is  shown  in  Figure  I. 
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The  plates  as-formed  in  the  cast  iron  molds  were  highly  transparent  but  after  the 
complex  crystallization  procedure  the  plates  were  opaqiw,  similar  to  conventional  opal 
glass.  The  square  phura  are  12”  x  12”  x  I”  thick  and  6”  x  6”  x  I”  thick  and  appear 
to  be  a  sound  physical  product  suitable  for  ballistic  test  and  evaluation. 

8ITALL  Chemistry 

The  chmnical  composition  of  the  SITALLs  produced  in  plate  form  was  found  to  be 
highly  consistent  and  representative  of  the  original  raw  batch  formulation.  In  fact,  the 
close  agreement  of  these  chemistries  is  noteworthy.  It  should  be  noted  that  the  total  of 
ingredients  and  chemical  constituents  does  not  always  correspond  to  100  percent  because 
of  dw  nature  of  the  calculation  of  the  quantitative  chemical  analyses  (see  Tables  1  and  2). 
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TiMil.  Chwnirtry  of  SfTALL  batch  oowpcwlloin 


OxUa 

8ITALLI 

STTAail 

(WW0M%) 

Si02 

79.78 

79.61 

LbO 

1Z18 

12.13 

AI2O2 

3.89 

3.89 

MgO 

1.87 

1.86 

K2O 

2.04 

2.03 

CrjOa 

0.03 

0.03 

CoOa 

0.06 

0.06 

TIG2 

0.09 

0.16 

ZiOi 

0.06 

0.12 

SnOi 

0.03 

0.06 

B2O2 

0.04 

Tot|4(%) 

100.00 

100.00 

Tabia2.  ChamMiyofSrrALLpialacoiiipoiitonsandglMS 


SHALL  t 
(WWgMS) 

SHALL  II 
(WWgM%) 

Glass 

(VVWglit%) 

SKh 

78.2 

• 

792 

72.3 

U2O 

15.6 

15.6 

MaO 

13.7 

K20 

1.94 

1.89 

CaO 

, 

10.4 

MgO 

ZOO 

ZOO 

2.6 

C9O2 

0.18 

0.19 

TIO2 

0.155 

0.140 

Z1O2 

SnOz 

AIzOs 

3.90 

3.91 

1.1 

CrzOs 

0.027 

0.022 

BzOz 

<0.005 

<0.005 

ToW 

100.097 

100.037 

100.1 
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8ITAU.  -  X-ray  OMhwtion  Analysis 


TIm  two  SITALL  composittoas  were  subjected  to  X-ray  dtf&action  analysis  to  at- 
tmmpt  to  determine  ttw  type  and  amounts  of  specific  crystalline  and  glassy  constituents. 
The  imdoffiiimnt  crystal  type  found  was  dilidiiura  silicate  with  very  small  amounts  of  a 
residral  glassy  |riiase  (see  Table  3). 


Table  3.  X-ray  dMfadionanalyiis  of  SITALLs 


(MMhiumSacala% 

AmorphouaS 

SITALL  1 

95 

5 

SITALL  II 

95 

5 

NOTE:  The  SITALU  were  ^)paranlly  very  highly  cryslaNzad. 


HMcrestructura  of  8ITAU.  I  and  SITALL  II 

The  microstructure  of  these  SITALLs  was  examined  through  conventional  ceramo- 
gnqrhic  sample  mounting  in  acrylic  resin  blocks  and  abrasive  polishing  to  secure  optically 
flat  surfsces  for  microscopic  inspection.  The  resultant  samples  exhibited  minor  amounts 
of  porosity  (two  to  three  percent)  and  a  relatively  large  crystal  size  distribution.  The 
SITALLs  contained  large  amounts  of  grains  in  the  one  millimeter  size  range. 

The  SITALLs  were  also  subjected  to  scanning  electron  microscope  scrutiny  and  again 
were  found  to  possess  large  amounts  of  irregular  crystals  in  the  size  range  of  one  to  two 
millimeters  in  dimension,  as  well  as  very  minor  amounts  of  residual  porosity. 

HwdiwM  of  SITALL  I  and  SITALL  II 

The  SITALL  compositions  were  tested  for  microhardness  on  a  specialized 
Leitz  pyramidal  diamoi^  point  indent  apparatus  at  the  Knoopioo  gram  weight  level. 

The  results  are  shown  in  Table  4. 

The  comparative  data  for  similar  glass-ceramic  materials  is  also  shown  for  reference. 
Please  note  the  slightly  softer  nature  of  the  SITALL  compositions. 


TableA  Mcrahaidness  of  SrTALL  I  ami  SITML II  (Knoopioo) 


**-*--*-■  •  ^ - 

MWWI  toviBiicsoon 

Mtaohatdnesa 

SITALL  1 

530 

SITAail 

550 

Coming  Pyroceram  (LiaO“Al203-Si02) 

690 

GIms  (Soda-Lime-SMca) 

600 

CER-VIT 

620 

European  (StamhCeramic 

600-650 

5 


Non-0«Mnicthr«  EvaitMrtion  of  SITALLs 


Hm  SlTALLs  were  subjected  to  an  ultrasonic  C-scan  muhipulse  scanning  technique. 
The  results  indicated  a  well  crystallized  microstructure  which  exhibited  a  small  amount  of 
vwy  uniformly  distributed  fx>rosity. 

In  Figiue  2,  the  unciystallized  base  glass  exhibits  the  uniformity  to  be  expected  of  a 
material  fcmned  through  dm  usual  batch  melting  and  press  forming  to  shape  technique 
witii  very  littie  porosity.  Note  the  tiny  yellow  areas. 

In  Figure  3,  the  SITALL  crystallized  glass  demonstrates  excellent  uniformity  in  the 
basic  crystalline  structural  matrix  with  the  very  small  amount  of  residual  porosity  shown 
as  yellow  spots  very  evenly  distributed. 

The  conclusion  to  be  drawn  from  the  nondestructive  testing  is  that  the  SITALL 
products  were  very  well  melted  and  formed  to  shape  and  crystallized  in  a  very  highly  uni 
form  foshion. 


Summary  and  Concluaiona 

An  experimental/developmental  project  to  prepare  two  crystallized  glass  SITALL 
compositions  in  plate  form  suitable  for  incorporation  into  armor  systems  for  ballistic  test 
and  analysis  was  successfolly  accomplished. 

This  project  demonstrated  that  it  is  apparent  diat  may  SITALL  compositions  could  be 
prepared  in  plate  form  for  suitable  experimental/developmental  purposes. 

The  primary  crystal  phase  of  these  SlTALLs  is 'DILITHIUM  SILICATE  with  only 
very  small  mounts  of  residual  porosity  remaining  due  to  the  volume  contraction  from 
glam  to  crystal  form. 

These  SlTALLs  have  been  reasonably  well  characterized  providing  a  baseline  for 
rosntial  further  study  upon  the  development  of  these  materials. 

Ballistic  test  results  are  available  and  will  be  presented  as  an  Addendum  under 
separate  cover.  The  support  to  TACOM  through  funding  this  project  is  gratefully 
acknowledged. 
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Hgiji«2.  Base  Glass,  Unorystairaed. 
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Rgure3.  SITALL,  Crystallteed  Glass. 
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Commander,  U.S.  Air  Force  Wright  Research  &  Development  Center,  Wright-Patterson  Air 
Force  Base,  OH  45433-6523 
1  ATTN:  WRDC/MLLP,  M.  Forney,  .hr. 

1  WROC/MLBC,  Mr.  Stanley  Schulman 

U.S.  Department  of  Commerce,  National  Institute  of  Standartb  and  Technology,  Gaithersburg, 

MO  20899 

1  ATTN:  Stephen  M.  Hsu,  Chief,  Ceramics  Division,  Institute  for  Materials  Science  and 
Engineering 
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1  Committoe  on  Marine  Stn^turea,  Marine  Board,  National  Research  Council,  2101  Constitution 
Avenue,  N.W.,  Washington,  DC  2041 8 

1  Materiab  Sciences  Corporation,  Suite  250,<  SOO  Office  Canter  ^ive.  Fort  Washington, 

PA  19034 

1  Charles  Stark  Draper  Laboratory,  SS5  Technology  Square,  Cambridge,  MA  021 39 

Wyman-Gordon  Company,  Worcester,  MA  01601 
1  ATTN:  Technical  Library 

General  Oyrumics,  Convair  Aerospace  Division,  P.O.  Box  748,  Fort  Worth,  TX  76101 
1  ATTN:  M^.  Engineering  Technical  Library 

Plastics  Technical  Evaluation  Center,  PLASTEC,  ARDEC,  Bldg.  355N,  Picatinny  Arsenal, 

NJ  07806-5000 
1  ATTN:  Harry  Pebly 

1  Department  of  the  Army,  Aerostructures  Directorate,  MS-266,  U.S.  Army  Aviation  R&T 
Activity  -  AVSCOM,  Langley  Research  Center,  Hampton,  VA  23665-5225 

1  NASA  -  Langley  Research  Center,  Hampton,  VA  23665-5225 

U.S.  Army  VeNde  Propulsion  Directorate,  NASA  Lewis  Research  Center,  2100  Brookpark 
Road,  aevaland,  OH  44135-3191 
1  ATTN:  AMSRL-VP 

Director,  Defense  Intelligence  Agency,  Washington,  DC  20340-6053 
1  ATTN:  OOT-5A  (Mr.  Frank  Jaeger) 

U.S  Army  Communications  and  Electronics  Command,  Fort  Monmouth,  NJ  07703 
1  ATTN:  Technical  Library 

U.S.  Army  Research  Laboratory,  Electronic  Power  Sources  Directorate,  Fort  Monmouth, 

NJ  07703 

1  ATTN:  Technical  Library 

Director,  U.S.  Army  Research  Laboratory,  Watertown,  MA  02172-0001 
1  ATTN:  AMSRL-OP-WT-IS,  Technical  Librvy 

1  AMSRL-OP-WT-IS,  Visual  Information 

1  AMSRL-OP-PR-WT 

5  AMSRL-MA-PD,  Joseph  J.  Prifti,  COR 
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